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Abstract: With the involvement of graduating engineering students, a remotely accessible solar energy 
laboratory has been developed, in order to simulate a small photovoltaic system. The laboratory includes 
two photovoltaic cells, a charge controller, batteries and a dummy load. A Raspberry PI microcontroller 
enables to control the different inputs, measures the voltages and the currents in the circuit and provides 
a remote access through the web. The lab intends to be a prototype of remote lab for the University, in 
terms of realization costs, communication protocols and software interface. It will be used by graduate 
students in the Electrical Engineering courses, enabling them to perform some experiments at distance. 
Keywords: Technology Enhanced Learning; Remote Lab; Photovoltaic systems; Raspberry Pi; 
Engineering Education. 
I. INTRODUCTION 
An embedded system is a combination of software 
and hardware to perform a dedicated task. Some of 
the main devices used in embedded products are 
Microprocessors, Microcontrollers. 
Microprocessors are commonly referred to as general 
purpose processors as they simply accept the inputs, 
process it and give the output. 
In contrast, a microcontroller not only accepts the 
data as inputs but also manipulates it, interfaces the 
data with various devices, controls the data and thus 
finally gives the result. In this project we use RF 
module as well as the DTMF decoder for 
communication. Now when we dial the numbers in 
the mobile phone from the controlling side then it 
automatically recognizes which number has been 
recorded and it follows with the corresponding next 
step to be taken i.e., movement of the robot in water. 
An Embedded System is a combination of computer 
hardware and software, and perhaps additional 
mechanical or other parts, designed to perform a 
specific function. A good example is the microwave 
oven. Almost every household has one, and tens of 
millions of them are used every day, but very few 
people realize that a processor and software are 
involved in the preparation of their lunch or dinner. 
This is in direct contrast to the personal computer in 
the family room. It too is comprised of computer 
hardware and software and mechanical components 
(disk drives, for example). However, a personal 
computer is not designed to perform a specific 
function rather; it is able to do many different things. 
Many people use the term general-purpose computer 
to make this distinction clear. As shipped, a general-
purpose computer is a blank slate; the manufacturer 
does not know what the customer will do wish it. 
One customer may use it for a network file server 
another may use it exclusively for playing games, 
and a third may use it to write the next great 
American novel. 
Frequently, an embedded system is a component 
within some larger system. For example, modern 
cars and trucks contain many embedded systems. 
One embedded system controls the anti-lock brakes, 
other monitors and controls the vehicle's emissions, 
and a third displays information on the dashboard. In 
some cases, these embedded systems are connected 
by some sort of a communication network, but that is 
certainly not a requirement. 
At the possible risk of confusing you, it is important 
to point out that a general-purpose computer is itself 
made up of numerous embedded systems. For 
example, my computer consists of a keyboard, 
mouse, video card, modem, hard drive, floppy drive, 
and sound card-each of which is an embedded 
system. Each of these devices contains a processor 
and software and is designed to perform a specific 
function. For example, the modem is designed to 
send and receive digital data over analog telephone 
line. That's it and all of the other devices can be 
summarized in a single sentence as well. 
If an embedded system is designed well, the 
existence of the processor and software could be 
completely unnoticed by the user of the device. Such 
is the case for a microwave oven, VCR, or alarm 
clock. In some cases, it would even be possible to 
build an equivalent device that does not contain the 
processor and software. This could be done by 
replacing the combination with a custom integrated 
circuit that performs the same functions in hardware. 
However, a lot of flexibility is lost when a design is 
hard-cooled in this way. It is much easier, and 
cheaper, to change a few lines of software than to 
redesign a piece of custom hardware. 
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At home we use a number of embedded systems 
which include digital camera, digital diary, DVD 
player, electronic toys, microwave oven, remote 
controls for TV and air-conditioner, VCO player, 
video game consoles, video recorders etc. Today’s 
high-tech car has about 20 embedded systems for 
transmission control, engine spark control, air-
conditioning, navigation etc. Even wristwatches are 
now becoming embedded systems. The palmtops are 
powerful embedded systems using which we can 
carry out many general-purpose tasks such as playing 
games and word processing.  
II. DESIGN AND IMPLEMENTATION 
The main goal of this project is to achieve the safety 
parameters in Industry employees of various 
industries and we can monitor them on system.  
The laboratory includes some LEDs placed in 
different positions, two PW cells, a battery and a 
dummy load. The entire lab is controlled by means of 
a Raspberry Pi microcontroller that is responsible of 
transmitting the inputs to the lab, receiving the 
outputs and properly connecting the lab to the web. 
To make the experience more interactive and since it 
will take place in real time, a Raspberry cam has 
been included in the system, in order to provide a 
continuous video streaming of the field of action. 
With a continuous video streaming, as well as giving 
the real perception of what the student is piloting 
remotely, it is possible the use of old-style analog 
instruments, whose data cannot be managed in digital 
but only viewed on the display of the instrument. A 
video streaming of at least 24 fps is available.  
In this project we are using the Raspberry pi 3 
microcontroller. Photovoltaic cells, ADC, Relays, 
LCD, loads, Camera connected to Microcontroller. 
 
An important aspect is the choice of the 
microcontroller. With respect to other more popular 
microcontrollers (i.e. Arduino), we have chosen to 
adopt a Raspberry Pi B because of some advantages 
for this kind of project: the possibility to install a real 
operating system (Linux) and to use different 
programming languages (java, C, C++, Python, Perl, 
PHP, etc.), an embedded Ethernet connection, two 
USB port and a UART port that will allow the 
connection to the MPPT charge controller. 
With Linux it is also possible to install many 
software packages to cover the most different 
requirements, for example a web-server like Apache, 
a Database as MySQL and PHP as a scripting engine 
to create a web server for dynamic applications [8-9]. 
The Raspberry Pi board also has a very versatile 26 
pin GPIO port, providing a 3.3 V voltage in addition 
to the normal 5 V and the ground. The 3.3 V port, 
with the ground and two more ports is able to realize 
the serial port UART (Universal Asynchronous 
Receiver-Transmitter). 
The Raspberry Pi has a dedicated bus for the 
connection to a specific camera with the following 
characteristics: 
a) sensor 5Mpixel  
b) fixed focus  
c) 1080p video resolution for HD video up to 
24 frames/sec  
d) connection using 15 cm ribbon cable  
e) 25mm x 24mm size (as a stamp)  
In the realization of our remote lab, this webcam has 
been used since, in addition to the requirements to 
provide a continuous stream, it does not use the 
GPIO ports of Raspberry PI, enabling to have them 
free for other devices. As an example, a USB 
webcam would use a USB port, helpful to connect 
devices or tools needed for experiments. 
As previously discussed, Linux has been used as 
Operating System. Raspberry PI and Linux are a 
winning combination in the network, so that a lot of 
customization of the famous SO is available for this 
microcontroller. The Raspberry PI Foundation has 
customized the Debian distribution specifically for 
the ARM architecture of the Raspberry PI, calling it 
Raspian. This specific distribution includes many 
already pre-installed applications that the Raspberry 
users sooner or later employ, such as the Python 
environment. 
To make it user-friendly for those coming from the 
Windows world, Raspian includes a desktop 
environment called LXDE, a browser Midory and 
many other utility software. Also, on the Raspberry 
Pi Foundation website, it is possible to find other 
distributions that are customized for Raspberry: the 
most common are Pidora, based on the distribution 
Fedora ARM, and Arch Linux, which is extremely 
light incorporating only the bare essentials and 
therefore is suitable for experienced users. To 
simplify the selection and installation of the OS, a 
software package called NOOBS is distributed. 
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III. RESULTS 
With the help of both hardware and software we 
have finally designed a photovoltaic system which 
can monitor and control the electrical laboratories. 
 
Figure 2: Design of Proposed System 
 
Figure 3: Working of Project using Bulbs 
 
 
Figure 4: Setup of our proposed system and results 
can be viewed in laptop computer. 
IV. CONCLUSION 
A remotely accessible solar energy laboratory has 
been designed and implemented, to be used for 
didactic porpoises in the electrical engineering 
courses. The implemented model, although it is 
composed by a limited number of components, is 
flexible and allows the student to experiment several 
different situations. 
The realized remote lab is useful to study the 
behavior of a simple photovoltaic system. The two 
didactic experiments shown in Section V show some 
potentialities of the laboratory. 
In addition, since it has been designed to be flexible 
and easily improvable with other functionalities, it is 
planned to add some in the next future, in order to 
allow the students to make even more experiences. 
Some of the future developments that have been 
already scheduled are: 
 The possibility to increase the number of LEDs, 
in order to have more inclination angles to light 
the panels.  
 The possibility to add blocking diodes and by-
pass diodes in the system. In this way, 
connecting in parallel and in series the two 
panels, it will be possible evaluate the electric 
parameters in a more realistic situation.  
 The possibility to add a traditional PWM charge 
converter. By operating on the switches it is 
possible to adopt the PWM charge controller 
and the MPPT charge controller alternatively. 
Comparing the measured electrical parameters, 
it will be possible to better understand the 
characteristics of these two charge controllers.  
 The possibility to add a small inverter, in order 
to try to implement a more complete PV 
system, including an AC part, and to try to 
understand the problems arising from the 
presence of the inverter.  
 
The realized lab has been a prototype for remotely 
controlled labs with a standardized communication 
protocol and at reduced costs. It will be a benchmark 
for the realization of similar remote labs in the 
Faculty of Engineering. 
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